Purpose of Review South Asia is highly vulnerable to the impacts of climate change, owing to the high dependency on climatesensitive livelihoods and recurrent extreme events. Consequently, an increasing number of households are adopting labour migration as a livelihood strategy to diversify incomes, spread risks, and meet aspirations. Under the Collaborative Adaptation Research Initiative in Africa and Asia (CARIAA) initiative, four research consortia have investigated migration patterns and their inherent linkages to adaptation to climate change in climate hotspots. This article synthesizes key findings in regional context of South Asia. Recent Findings The synthesis suggests that in climate-sensitive hotspots, migration is an important livelihood diversification strategy and a response to various risks, including climate change. Typically, one or more household members, often young men, migrated internally or internationally to work in predominantly informal sectors. Remittances helped spatially diversify household income, spread risks, and insure against external stressors. The outcomes of migration are often influenced by who moves, where to, and what capacities they possess. Summary Migration was found to help improve household adaptive capacity, albeit in a limited capacity. Migration was mainly used as a response to risk and uncertainty, but with potential to have positive adaptation co-benefits.
Introduction
The contemporary human world is becoming more mobile. This movement of people, goods, services, and information has reshaped our understanding of both spatial and temporal dimensions of socioeconomic processes [4] . The impacts of climate change including coastal flooding, erratic rainfall, drought, riverbank erosion, and storm surges, combined with other non-climatic drivers such as land use change, socioeconomic shifts, and changes to gender norms, are likely to alter the patterns of human migration further with a knock on effect on immediate adaptation decisions at the household level [75] .
Although climate change brings about a set of challenges at the global level, in certain regions, its impact is likely to be more severe because of higher exposure to climatic risks [58, 16, 28] , deeper pre-existing structural vulnerabilities [97] , and comparatively lower adaptive capacity [48, 77] . The Intergovernmental Panel on Climate Change (IPCC) has identified such regions as climate change hotspots, defined as locations where impacts of climate change are well pronounced and well documented [98] . For this paper, we expand this definition to climate hotspots as "geographical area[s] where a strong climate signal is combined with a large concentration of vulnerable, poor or marginalized people" ( [97] :784).
South Asia is home to several hotspots that are highly vulnerable to the effects of climate change [29, 53] . High dependency on climate-sensitive livelihoods, such as fisheries and agriculture, makes people living in coastal, river basin, and semi-arid regions particularly vulnerable to the impacts of climate variability and change [97] . South Asia experiences recurrent natural hazards such as glacial lake outburst floods, storm surges, droughts, cyclones, and heavy precipitation, which is exacerbated by current and future climate change [16, 47, 100] . As the livelihoods of people deteriorate, they are displaced or are faced with an important decision: to migrate (either the whole household or some of its members) or adapt in situ.
South Asia is a socioeconomic and culturally heterogeneous region but there are important similarities among the countries in terms of population density, development level, poverty, and exclusion [51] . Population movement has been a constant part of life in South Asia primarily as a strategy to diversify and/or supplement income sources beyond ecosystem-based forms of livelihood, but historically, migration in the region has been predominantly associated with labour moves of semi-skilled and unskilled individuals to both international and domestic destinations [39] . Migration trends and patterns in South Asia are diverse but internal migration outweighs international moves. Internal migration as a share of total population is as high as 37% in India, 10% in Bangladesh, 14% in Nepal, and 2% in Pakistan [83] . Although lower than internal migration, international moves from this region are significant. For example, India, Bangladesh, and Pakistan are among top ten emigration countries in the world and Nepal is the third largest recipient of remittance as a share of GDP [106] .
Although population movement in South Asia has historically been strongly associated with labour mobility [30, 80] , recent studies suggest that growing levels of rural to urban migration in the region have been attributed to the impacts of droughts, floods and irregular precipitation on agricultural production and other ecosystem-based livelihoods [13, 26, 42, 102] . Migration is often leveraged as a critical livelihood diversification strategy by households in areas facing severe climate change impacts [2, 85] . Recent studies have sought to project climate-driven migration in South Asia using a suite of modelling techniques [77] . However, this study seeks to add to the growing body of empirical evidence [17, 23, 54, 55] by examining the composition, direction, and duration of migration at regional level; the drivers and barriers to migration, and how they interact; and the linkages between migration and adaptation at household level [99] . The synthesis of migration patterns presented here draws on empirical findings from the Collaborative Adaptation Research Initiative in Africa and Asia (CARIAA) programme, which aimed to investigate adaptation responses in three climate-sensitive hotspots (deltas, semi-arid regions, and snowpack-or glacier-fed river basins). As part of the programme's objectives, four CARIAA consortia employed a range of quantitative and qualitative methodological approaches to investigate the relationship between migration and adaptation in South Asia. 1 Drawing on novel empirical datasets, the research synthesized in this paper contributes to the body of empirical knowledge examining the relationship between migration and adaptation in South Asia in the context of climate change. It also provides insights into how the implementation of a suite of research methods is the key to understanding complex characteristics of migration in climate-sensitive areas of Bangladesh, India, Nepal, and Pakistan. The article is organised as follows: the "Conceptual Links Between Climate Change, Migration and Adaptation" section reviews the links between migration and environmental change and provides a brief literature review on previous research examining the relationship between migration and adaptation. The "Methodology" section introduces the study areas, research design, and methodological approach. The "Results" section presents the findings for each study area focusing on the nature of migration in each site and the implications of migration for household adaptation. The "Conclusion" section summarises the results, provide brief policy recommendations, and present future directions for research.
Conceptual Links Between Climate Change, Migration and Adaptation
Migration is a key livelihood strategy that occurs across spatiotemporal scales and can range from temporary moves to permanent relocation [41] . Individuals and households respond differently to the various drivers associated with migration depending on socioeconomic and cultural characteristics, demographic composition, and their contextual setting [14] . Several types of migration-such as seasonal, circular and permanent movement-are recognised as strategies to diversify livelihoods in response to external shocks including international and national market adjustments in transition economies, development, conflict and the effects of climate change, and other environmental hazards in ecosystem-based economies [31, 33, 105] . Early research framed migration decisions as driven by aims to maximise individual profit and minimise loss of household income associated with crop failure, volatility of markets, or economic recession [88] . Recent studies have nuanced this model to demonstrate that migration decisions are a complex interplay of household capabilities (i.e. composition, education levels, social networks), assets, personal aspirations, and external factors such as increased climate variability, livelihood opportunities, and access to towns and cities [22, 26, 72, 85, 94] .
Contemporary migration trends in South Asia continue to suggest prevalence of migration driven by economic factors. However, the pervasive effects of climate change could lead to significant incremental or non-linear changes in migration outcomes depending on the context [60, 61] . For example, direct impact brought about by rapid onset hazards such as cyclones and floods or indirect impacts associated with slow onset events including drought and changes in annual monsoon regime [26, 102] .
Research on migration associated with environmental drivers has investigated the relationship between population movement and the degree of exposure to and impact of hazards on livelihoods, teasing out the way migration decisions and outcomes vary between households and communities [37, 43, 59] . Underpinning this empirical work is substantial progress in conceptualising the relationship between climate change and migration beyond direct causal factors such as rapid onset disasters causing displacement. In effect, migration associated with cumulative environmental changes over time is a multi-faceted phenomenon that is harder to isolate. Slow onset events are likely to take place alongside economic, social, and political changes [66] . As a result, it is difficult to single out climate change as the main driver of migration. This assessment corroborates the notion that environmental factors alone do not destabilise human security [6] . Limited economic development, the range of government support to communities, capacity to access credit and markets, social cohesion, and political instability are equally important in migration decision-making processes [19, 21] .
As the impacts of climate change become more widely recognised, researchers are increasingly examining how migration can contribute to climate change adaptation [3, 85, 99] , independent of the reasons for migration. In the context of climate change, adaptation is defined as the process of adjustment to actual or expected climate and its effects, which seeks to minimise harm or exploit beneficial opportunities [48] . Adaptation can be either autonomous or planned. Autonomous adaptation is defined as 'natural or spontaneous adjustments in the face of a changing climate' [20] , whereas planned adaptation requires conscious intervention [32] . The IPCC's Fifth Assessment Report makes a strong case for the capacity of migration outcomes to reduce vulnerability for populations exposed to extreme events and longer term climate change [6] .
Migration is often characterised as an effective adaptation strategy (e.g. by spreading risk and diversifying incomes) [35, 93, 104] . On the other hand, it has been described as a failure to adapt where populations being unable to respond to risk migrate as a last option [6] . Between these two extremes of the migration for adaptation debate are ideas of how migration drivers and outcomes are differentiated and it can denote adaptation in certain situations and for certain people while signifying a failure to adapt for others [18, 85, 87, 103] . In fragile environments, migration is a common response to vulnerability to slow and rapid onset events [68, 104] . Gemenne and Blocher [35] suggested that migration can affect adaptation through three distinct vantage points, namely for the migrants themselves, for the community of origin, and for the community of destination and the combined communities of origin and destination. Our study focuses on the migrants' vantage point, examining the characteristics of migrants as well as social and cultural factors determining who migrates .
Migration can contribute to household adaptation mostly through remittances-by improving existing resource bases of individuals and households, spreading risk, and diversifying income sources to reduce vulnerabilities [35, 93, 104] . Emerging empirical and theoretical research suggests that the roles of remittances, skill acquisition, and transfer are particularly important in household adaptation [7, 66, 82] . In vulnerable areas, migration and the resulting remittances can build the adaptive capacities of the households, particularly when adaption measures incur investments [69] . Furthermore, studies suggest that migration has the potential to enhance household ability to absorb shocks [36, 96] .
Contrastingly, migration has also been framed as a failure to adapt or a maladaptive response [49] . Migration may trigger increased risk for those who move, those who are unable to move, and also for migrant destination areas [103] . The negative consequences of migration for poorer households fighting to cope with a range of economic and material challenges in the wake of environmental and climatic risks can be severe [63] . The erosion of important assets (i.e. human capital) could prove detrimental in the medium or longer term, reducing overall adaptive capacity, especially to households dependent on ecosystem-based livelihoods [36, 85] . Furthermore, in extreme cases, migration can manifest as a failure to adapt or is employed as a last-resort response after other coping strategies have failed [73, 76] . Figure 1 illustrates how climatic drivers (both slow and rapid onset, e.g. floods, rainfall variability) interact with non-climatic drivers (e.g. existing poverty, conflict, development deficits) to influence household migration decisions. These decisions to move or stay have implications on household adaptive capacity through remittances, changes in human and social capital, etc., accruing to influence household adaptation. When households are exposed to climate change impacts, they assess the constraints and opportunities created by sending one or more members to work outside the village (thereby increased or reduced vulnerability), stay and adapt in situ (reduced vulnerability), and stay without adapting (increased vulnerability). These decisions are capital endowment of the household. For migrant households, the capacity to adapt is then dependent on the remittances (both financial and social) received and the ability to overcome loss of labour and social capital. For non-migrant households, the capacity to adapt is dependent on their financial, human, and social capitals.
In the literature, there remain gaps around the implications of migration for adaptation, especially in climate hotspots. Studies have typically modelled climate change and migration patterns to estimate 'climate migrants' (e.g. [77] ) or ascertain climatic drivers of migration (e.g. [26] ). In this paper, we add to this literature empirically by providing a bottom-up assessment of migration patterns and decision-making [24] . In doing so, we also contribute conceptually to understanding the implications of migration for climate change adaptation at the origin.
Methodology

Study Areas
The study areas are located in environmentally vulnerable regions, characterised by high resource competition and degradation, and a history of exposure to extreme events. The effects of climate change are expected to be higher in the study sites as compared with global average [24] . The study areas in Bangladesh, India, Nepal, and Pakistan were selected according to three criteria: (1) each individual site was located in a country that had been regularly affected by extreme events and was also vulnerable to future climate change [28, 53] ;
(2) each represented a different climate hotspot where migration is an important livelihood strategy for the householdswe chose deltas, river basins, and semi-arid environments experiencing multiple stressors ( [71, 91] ); and (3) in the case of deltas, sampled locations were selected among migrationsending areas with a well-documented history of rural to urban population movements [92] .
The illustrative map ( Fig. 2) provides the location and main environmental stressors in the study areas. HI-AWARE study sites covered mountain-based hotspots, i.e. four glacier-and snowmelt-dependent river basins in India, Pakistan, and Nepal, covering the Indus, Upper Ganga, Gandaki, and Teesta river basins. Within the river basin, the study sites were selected to represent up-mid-down-stream areas. DECCMA study sites included deltaic hotspots in the Ganges-Brahmaputra-Meghna (GBM) delta in Bangladesh and India, and the Mahanadi delta in India. It is important to note that the Indian portion of the GBM delta is known as the Indian Bengal delta (IBD) and the area located within Bangladesh is known as the Bangladesh GBM delta. In the Mahanadi delta, the study sites were distributed in five districts. In the IBD, study locations were North 24 Parganas and South 24 Parganas, both districts of West Bengal. Lastly, in the Bangladesh GBM, the sites were spread across 14 districts. PRISE study sites in Pakistan were spread across three districts (D.G. Khan and Faisalabad districts of the Punjab province and Mardan district of the Khyber Pakhtunkhwa (KP) province) and denoted migration in semi-arid plains. In ASSAR, migration was studied along a rural-urban continuum in Karnataka state, south India, denoting semi-arid plateaus as climate hotspots. Migration patterns from 17 villages in Kalaburgi and Kolar districts, 16 peri-urban villages located in the larger Bengaluru Metropolitan Region (BMR), and 31 settlements in Bangalore city were studied.
Data Collection
Primary data across all four study areas were collected during January 2016-September 2017 through a suite of methodological approaches including cross-sectional household surveys that enabled quantifiable and comparable data collection and qualitative life history interviews [24] . The rationale for site selection and sampling approach varied across the four research consortia; however, each consortium focused on capturing the migration profile of household members and the relationship between migration and climate change adaptation. Migration was no only defined as a period of absence of one or more household members for at least 3 months in the year before the survey but also include migration events of longer duration (> 6 months). A household was classified as migrant household if it had at least one migrant member. The surveys included socioeconomic and demographic indicators as well as comprehensive sections on climate change and its impact, migration drivers, and decision-making and adaptation. In total, 9440 households including migrant and nonmigrant households were surveyed across all research areas (2725 households in semi-arid plateaus, 600 in semi-arid plains, 1987 in river basins, and 4115 households in deltas).
In deltas, fifty locations in each study area were selected followed a two-stage cluster sampling design. The first stage of stratification created multi-hazard maps which divided the study areas into five hazard zones (very low, low, medium, high, very high) based on normalizing the hazard score and dividing into quintiles. Each cluster of households in the study area was assigned one of five hazard categories based on the modal risk category. For each multi-hazard zone, the number of clusters was selected proportional to the number of clusters in that zone. Once clusters had been selected, a household listing allowed randomized sampling.
In semi-arid plateaus, within the chosen districts, blocks were chosen purposively based on repeated scoping visits, secondary data analysis to ascertain migration patterns, land use change, and livelihood shifts. Within each block, households were selected using stratified random sampling and questionnaires conducted with household heads. The quantitative surveys were supplemented with detailed village-level settlement histories, gender differentiated Focus Group Discussions (two/settlement), and life history interviews (see [86] for details).
In the river basins, the study area consists of four river basins: the Indus, Upper Ganga, Gandaki, and Teesta. To ensure the representation of different altitudes in the study area, study sites from up-, mid-, and down-stream areas of all rivers basins were included in this study. The study follows a stratified sampling design. In each stratum, districts, study settlements within districts, and households were selected randomly. Similarly, in semi-arid plains, a stratified random sampling technique was used to collect data from rural areas of three semi-arid districts of Pakistan. The whole sample was stratified into four livelihood categories of households; smalllandholders (with less than 12.5 acres of land), large landholders (with more than 12.5 acres of land), and non-farm households. To cover the qualitative aspect, 12 gender sensitive focus group discussions (FGDs) were also conducted.
Questionnaires for each site were designed independently to address the context-specific research questions in each area. However, all four surveys derive and generate knowledge based on people's understandings and perceptions of changing climatic conditions as the starting point, and locate migration within a broader array of adaptation responses. The quantitative nature of each survey instrument allowed us to compare answers to questions that were similar across all four hotspots. However, there are two important limitation of our study-(i) sample size, despite being large, is not representative; therefore, the interpretation of findings beyond the study sites should be done with caution, and (ii) all four surveys were one time cross-sectional questionnaires and do not capture temporal dynamics of migration. However, the questions framed in the questionnaire comparing the present situation with past situations and the qualitative inquiries have managed to capture some longitudinal trends.
Results
Migration and Remittance Profile
Who Migrates?
Across the four hotspots, most migrants were married young men of 21-30 years with secondary or higher education levels ( Table 1) . This is consistent with migration literature suggesting that older men are less inclined to migrate and educated younger men with limited access to resources and input into household decision processes are more likely to do so [11, 43, 75, 77] . The gender balance in outflows from the study hotspots suggested that household migration remained male dominated. Previous studies have established that gender is an important form of social differentiation that influences migration in developing countries [15] . Migration requires sociocultural acceptance, and economic and physical capacities that are not equally available to women [10, 50] . However, there is diversity in female migration across the study hotpots and sites within the hotspots, with some sites reporting higher proportion than others. For instance, the mountain areas in the Gandaki and Teesta river basins, the Kendrapara and Bhadrak districts of Mahanadi deltas in India, and the Barisal and Khulna divisions of the GBM deltas in Bangladesh reported higher female migration rates. The reason for higher female migration in high mountain areas was the sociocultural acceptance of migration by women, coupled with a comparatively higher education attainment. Many respondents reported better job opportunities and opportunity to pursue further education as the major reason for migration of women. Social norms in high mountain areas are more liberal as compared with stringent patriarchal system followed in the plains. Furthermore, in high mountains, environmental conditions necessitate multi-local livelihoods with established familial and friendship networks in destinations. This social norm makes the acceptance of women's mobility easier. In deltas, destruction of local livelihoods and existential threat from a number of extreme climate events was reported as the major driver for women to migrate. The study areas experienced significant losses and increased household vulnerability from cyclones Sidr 2007, Aila 2009 and Phailin 2014.
Where Do People Migrate and the Role of Remittances
Consistent with national statistics and other studies [36, 41, 77, 104] , migration was predominantly internal across the four study hotspots. The prevalent types of movements were daily commuting from peri-urban to urban areas, seasonal/circular migration (< 6 months/year) and long-term migration (> 6 months). International migration was high in certain study sites such as the Gandaki river basin (Nepal), GBM delta in Bangladesh, and Faisalabad district in the semi-arid plains of Pakistan. Among international migrations, the most popular destinations were the oil-rich Gulf countries and Malaysia. This finding is consistent with that of Siddiqui et al. [83] 's assessment in the Hindu Kush Himalayan region. Most migrants worked in informal sectors, usually hired as daily wage labourers in industries such as construction or small-scale retail and hospitality.
Migration affected both origin and destination areas through remittances-financial and social. Remittances, it is argued, can provide flexibility in livelihood options, supply capital for investment, and spread risk [89] . Across our four study hotspots, 80% of migrant households reported receiving remittances (slightly lower in deltas, where 66% of respondents reported receiving remittances). Certain regional differences were observed in deltas. For example, only 48% of households reported receiving remittances in the Mahanadi delta in India against 85% in GBM in Bangladesh. This lower remittance transfer in deltas was associated with a short duration of migration. For example, 82% of migrants in Mahanadi delta moved for less than 6 months, and carried remittance in cash and kind in person. Overall, the average annual remittances from internal migration (USD 543) were much lower than those recorded for international migration (USD 1703) in the study sites.
Remittances have the potential to enable rural households to overcome credit and risk constraints by the spatial diversification of labour and income [90] . Moreover, if invested in modern agricultural technologies, tools and livestock, subsistence farmers can increase their productivity and complete the transition from familial to commercial production, which is instrumental in the diversification of rural economies [9, 62] . It is the capacity to mobilise new resources that can enhance household resilience against the pervasive effects of climate change. However, our empirical evidence suggested that across the four study hotspots, remittances were scantly employed to enhance asset base or invest in incomegenerating activities locally. For example, in the deltas and semi-arid plains, 89% of surveyed households used remittance income to help pay for food, health, education, debt repayment, and household appliances. Consistent with other studies [34, 56] , our empirical evidence suggested that remittances acted as a financial buffer against economic losses, thus In river basins (HI-AWARE) household surveys, intra-household data were not collected representing reactive (albeit powerful) coping mechanisms during hardships. In the river basins, 17% of households reported using remittances to meet household food and nonfood needs during hardship brought about by extreme environmental events. In addition to financial remittances, migration brought social remittances such as new ideas, knowledge, skills and technologies from destination to origin areas for development in the areas of origin [9, 57] . Empirical evidence across all four study hotspots supported this theory. In deltas, 75% of surveyed households reported benefits from new ideas and knowledge to build adaptive capacities at origin. Similarly, 29% of migrant households in semi-arid plains reported learning new knowledge and skills compared to 20% of nonmigrant households. The difference was statistically significant at 5% level of significance. Similarly, labour migrants from semi-arid regions and deltas acquired new skills such as masonry, carpentry, and catering at their destination. As a result, migrants were able to diversify their livelihoods upon returning to place of origin. In the Upper Ganga areas migrants had introduced mobile apps to the communities. These apps provided weather-related information, allowing daily agricultural activities to be planned.
Why Do People Migrate?
Consistent with previous findings on motivations for migration [36, 41, 77, 104] , the main driver of migration as reported by migrants across the four study hotspots was economic, often associated with better employment opportunities elsewhere. When asked 'What was the primary reason for migrating?' 55% of respondents in semi-arid plateau, 82% in semiarid plains, 48% in deltas, and 44% in river basins reported economic reason as the primary reason. Other important reasons reported were to pursue higher education, meet family obligations, diversify from unprofitable agriculture, earn better wages, overcome landlessness, and moving for marriage. These responses revealed that unequal development, leading to lack of economic opportunities and access to basic services, was a major driver for people to move from rural areas to urban areas.
Only 6% of the respondents in deltas and 12% in semi-arid plains cited environmental causes such as drought, flood, cyclones, increased temperature, and erratic rainfall as their main motivation for migration. This result highlighted that, in most cases, households did not identify migration of a household member as being related to the environment. It illustrated, rather, that decisions to migrate were multi-causal, in which economic reasons were the primary motivation. Consistent with previous findings [1, 101] , environmental drivers had weak attribution in the migration decisions in the study sites. The discrete research designs employed in this study had certain limitations which inhibited the capture of environmental attributes to migration. As previous studies suggest, it is difficult to measure the relative significance of environmental factors vis-á-vis other drivers in labour migration [14] . This was particularly true in cases where empirical evidence was collected via cross-sectional surveys in sending areas. Direct causal signals are stronger in displacement or permanent relocation following sudden-onset environmental hazards. However, recently emerging literature with methodology to capture household's perceptions regarding climate change and household migration decision paves new ways to investigate this linkage [54, 55] .
Barriers to Migration
Across the four study hotspots, migration was not always available to households exposed to environmental stressors. The proportion of households that reported migration of one or more members was only 29% in the river basins, 41% in semi-arid plains, 39% in semi-arid plateaus, and 24% in deltas. There were several barriers to migration. Sociocultural norms, household composition, and intrahousehold work sharing norms made migration a highly gendered process, typically curtailing women migrating [46] . In the study hotspots, lack of financial capital and social network in destination were the most prevalent barriers. In case of Pakistan (Indus river basin and semi-arid plains), having sufficient male adults in the household to send for migration was reported as another important barrier. Lack of access to safe accommodation in destination areas and constant preoccupation about maintaining family commitments in places of origin were reported as significant constraints preventing women migration during the focus group discussion in Bangladesh deltas. Marital status was also highlighted by respondents, with married women enjoying more autonomy to migrate compared with single women.
The barriers discussed above have limited migration as a response to climate change in the study areas. Many surveyed respondents mentioned the desire to diversify their income sources by adding migration into their livelihood portfolio. In the semi-arid plains and deltas, for example, the proportion of immobile households was 59% and 35%, respectively.
Migration for Household Adaptation
There is a growing body of literature on climate change adaptation and its effect on reducing vulnerability to climate change impacts at household levels [27, 70] . Research endeavours in measuring adaptation have focused heavily on assessing the vulnerability or adaptive capacity through various indices [38, 45] . But linking migration to adaptation outcomes is complex with changes over temporal and spatial dimensions being critical [35, 64, 104] . The research analysis conducted by the four CARIAA consortia employed a suite of analytical tools to examine this relationship in the study hotspots. HI-AWARE examines the adaptation behaviour of the households, DECCMA analyses the differences in adaptation measures of households, PRISE assesses the difference in livelihood resilience of the households, and ASSAR examines changes in the material and subjective well-being of migrant households. Each analytical tool offers a different lens in the migration and household adaptation interlinkages. While the different analytical tools employed make it challenging to compare the results directly across the hotspots, we report the key findings on the implications of migration for household adaptation and attempt to synthesize them. In each section, we briefly describe data and analysis techniques employed in each study hotspot followed by key findings. We highlight that in this synthesis report, we present findings derived from both quantitative and qualitative data and analytical techniques.
River Basins
In the river basins, we examined the adaptation behaviour of households to climate change impacts separated by migration status (migrant and non-migrant households) of the household in four crucial livelihoods sectors-agriculture, livestock, water, and forest. Households were classified as adaptors or nonadaptors-adaptors were households that had reported undertaking at least one measure to reduce the negative impacts of climate change in the particular sector in the year prior to the data collection. A household was categorised as migrant if it had at least one member involved in labour migration for at least 3 months in the year prior to the data collection. The statistical relationship between adaption behaviour and migration status was tested using Pearson chi-square test of independence in the four livelihood sectors. Test results showed that in agriculture sector, migration played a statistically significant role in adaption behaviour of households ( Table 2 ). In other sectors, the differences were statistically not significant. For majority of the households in the study sites, agriculture was a major economic sector and households depended on farm production to meet their food security. This probably explains the reason for migrant households' investment on adaptation measures in agriculture sector. The most commonly used adaptation measures in agriculture were introduction of new crop varieties, use of pesticide/insecticides, adjustment of timing, improved irrigation, shifting to non-farm activities, etc.
Although more than 90% of households perceived changes in climate as compared with situations a decade before, less than one-third of the households reported undertaking adaptation measures to reduce the negative impacts of such changes. Overall, higher proportion of households reported undertaking at least one adaptation measure in agriculture and water sector and least in forest sector. Consistent with findings of Hussain et al. [44] in the Koshi river basin, most of the adaptation measures undertaken by households were autonomous rather than planned. This illustrates the importance of identifying and verifying the autonomous local adaptation practices; however, they might be unable to manage new risks and extreme changes in future [65] .
Deltas
The analytical approach in deltas was two-pronged, examining (1) who were migrating as an adaptation response to climate change (assessed through exposure to floods, droughts, sea level rise, erosion, and salinity), and whether or not they deemed that to be a successful adaptation; and (2) differences in adaptation measures adopted by migrant and non-migrant households using Chi-square tests to see if there were statistically significant differences.
Migration was an adaptation response in all three deltas: by 28% of households in Bangladesh; 53.3% in the Indian Bengal delta; and 23% in the Mahanadi. Interestingly, though, migration was not among the top three strategies considered successful adaptations in any of the deltas. Temporary mobility associated with production-related moves was also captured in the survey by way of people reporting work outside the village. Such an adaptation response was mentioned widely by between 51 and 71% of respondents across the three deltas. Table 3 shows results for the most prevalent adaptation responses. The statistically significant differences between migrant and non-migrant households relate to the use of adaptations that were finance-related. In terms of increasing income to the household, more migrant households took loans in the Indian Bengal, Mahanadi, and the Bangladesh portion of the GBM deltas. This may have been because remittances could act as a guarantee for such loans. Migrant households also adapted by modifying their homes: for example, by constructing more permanent structures that better withstood flooding and cyclones. This was an important adaptation in deltas, and qualitative interviews in the Indian Bengal delta indicated that this was one of the primary priorities of households.
In Bangladesh, however, it is important to note that there was only a marginal (statistically insignificant) difference between migrant and non-migrant households in terms of taking out loans. This was likely to have been because of widespread household access to microfinance. Bangladesh has been a pioneer in microfinance operations since 1980 [52] . Work outside the village was the only adaptation response that recorded statistically significant differences across the three deltas. Although the survey did not capture the type of mobility associated with that answer, there was a wide range of temporary moves including daily, weekly, and circular trips. In practice, that underpins the livelihoods of people worldwide, and this is particularly the case for smallholder and subsistence farmers living in marginal environmental conditions. Such movements occur for a wide range of reasons including labour and economic motivations.
In contrast, there was no statistically significant difference between migrant and non-migrant households in the use of livelihood-based adaptations, for example diversifying crops; planting climate-tolerant crops; increasing use of irrigation; or using new farming and fishing equipment in the Indian Bengal, Mahanadi, and Bangladesh deltas.
Semi-arid Plains
The approach in the semi-arid plains sought to understand the relationship between migration and resilience by using a livelihood resilience index. The study defines livelihood resilience as 'the capacity of all people across generations to sustain and improve their livelihood opportunities and wellbeing despite environmental, economic, social and political disturbances' [95] . The resilience index was constructed following the method developed by Cutter et al. [25] . Livelihood resilience index is composed of three components: adaptive, absorptive, and anticipatory capacity. Following Bahadur et al. [8] , adaptive capacity is defined as the ability of social system to adapt to multiple, long-term, and future climate change risks, and also to learn and adjust after a disaster, Similarly, anticipatory capacity as the ability of social systems to anticipate and reduce the impact of climate variability extremes through preparedness and planning capacities, and absorptive capacity as the ability of social systems to absorb and cope with the impacts of climate variability and extremes. Each component is further divided into sub-components (see Bahadur et al. [8] for detail). Indicators defining the three types of capacities were selected through a careful literature review and customised to match the local context of the study areas.
We found that overall migrant households were more resilient than non-migrant households and they scored better than non-migrant households in all the three components ( Fig. 3) . They had greater adaptability to shocks as a result of higher and more diversified income sources, better housing, and a higher employment rate. Migrant households also had higher levels of subjective well-being, as they were more comfortable in coping with stressors, more at ease in making life decisions and were exposed to a wider range of opportunities to learn new skills and improve their livelihoods. They were also more adept at planning for the future, more informed about climate change impacts, and had higher capacities to anticipate and deal with shocks such as climate extremes and food insecurity [78] .
Semi-arid Plateau
In the semi-arid plateau sites, in addition to the household surveys, life history interviews (n = 37 across rural, peri-urban, and urban sites) were used to examine temporal vulnerability and changes in the material and subjective well-being of migrant households across the rural-urban continuum [84, 85] . These life histories were supplemented by historical timelines to reconstruct local ecological, socioeconomic, and politico-institutional changes, and consequent livelihood dynamics. The in-depth life histories analysed 'family trajectories of accumulation or impoverishment over time and of particular matrices of vulnerability' ( [67] : 489) and thus constructed an understanding around temporal vulnerability and how households followed '(household) trajectories towards vulnerability or resilience' ( [79] : 3). These narratives also allowed a nuanced inquiry into how personal and family aspirations, asset constraints, and needs interacted with social norms, agency, and larger-scale institutional and economic changes to shape livelihood choices [86] . Migrant life histories demonstrated that permanent migration, especially accompanied by accumulation of education, skills, and social capital can, over a period of time, be a positive adaptive response, expressed through increased incomes, better living facilities, improved access to services, and lower exposure to extreme events as compared with where they moved from [85] . However, we also found instances where permanent migration was also detrimental, especially when there was inadequate employment or poor living conditions associated with tenure insecurity in destination areas, entering into unsafe livelihoods, or living in flood-prone areas in the cities they moved to [63] . Critically, the life histories demonstrated that the outcomes of migration decisions change over time with some houses improving their assets and capabilities and hence adaptive capacities while others (typically those with poor social networks, low assets, and belonging to marginalized social groups) remaining trapped in cycles of coping. Furthermore, migration outcomes were differentiated within the household, with men and women within migrating household reporting differential impacts on well-being. In keeping with previous research (e.g. [12] ), women reported higher work burdens and reduced time for leisure once they moved. However, there were also examples contradicting perceptions of gendered migration: in peri-urban areas, women reported migration improving subjective well-being and adaptive capacities through improved incomes, more autonomy, and changing intra-household gender relations [74] .
Discussion
To test the implications of migration for adaptation, this study assessed the role of financial remittances as an indicator of enhanced resilience and well-being. Literature on migration and development is rich with insights about how remittances support households facing environmental shocks [5, 81] . Our findings suggest that migration enhanced household adaptation (e.g. in river basins) and livelihood resilience (e.g. in semi-arid plains), thus fulfilling the potential to be a strategy to move households from a position of vulnerability to enhanced resilience (e.g. in semi-arid plateau). Remittances were an important factor in assessing migration outcomes for climate change adaptation. When mainly used by households to meet basic needs, such as food and non-food consumption, remittances support coping with climate stressors, suggesting that migration is a shot-term response strategy. On the other hand, when remittances are used to build household assets, Fig. 3 Resilience index scores by household migration status in semi-arid regions of Pakistan leading to long-term sustainability, migration can be a pathway to successful adaptation to the adverse effects of climaterelated hazards [104] .
In general, across the four hotspots examined in this study, financial remittances were small and mostly used to meet household food consumption, with limited investment or increase in asset base. However, our findings from the deltas and semi-arid plains showed that migration can contribute to an overall increase in household income (e.g. access to loan, using remittance as a guarantee). The additional increased income (both loan and remittances) was then used to enhance household resilience, for example through improvements in house infrastructure. Thus, we suggest that, at present, migration represents a form of response to climate change rather than a long-term adaptation strategy. This is also reflected in the self-assessment of migration as an adaptation strategy by the delta households themselves.
When seen through the lens of well-being (material and subjective) as done in the semi-arid plateaus, migration was found to improve material well-being (e.g. through higher incomes) but dampen subjective well-being (e.g. lower social capital in destination areas, feelings of alienation and insecurity, lesser leisure, especially for women) [75, [85] [86] [87] . These findings demonstrate that while remittances help migrating households and can have adaptation co-benefits, moving entails other intangible costs which can in certain conditions increase vulnerability and at other times improve adaptive capacity.
By employing different methodological approaches to assess migration and adaptation linkages, we were able to unpack the complex ways in which migration influence household adaptation in climate hotspots. Overall, our study findings provides a strong evidence that irrespective of reason for migration, labour migration can positively contribute to the household adaptation to climate change impacts. Migration can contribute positively to household adaptation capacity, provided there is policy support to improve the overall outcomes of migration and more planned adaptation locally (Fig.  4) . Migration outcomes can be improved by building the human capital of migrants (skills, health, education), reducing cost of migration and remittance transfer, and improving safety nets for migrants at destination [40] .
While there may be economic benefits of migration in terms of remittances, we cannot overlook their social costs in terms of the splitting up of families. Permanent relocation or temporary migration, such as household members working outside the village, typically occurred to generate more income. This meant that migrant households increased their financial capital, which could be substituted for other forms of capital (such as physical capital in the case of modifications to the house) which enabled better adaptation. However, interviews with migrants and migrant households across the study hotspots highlighted the negative effects of splitting up families (e.g. marriage breakdown and poor performance of children in school). As most migrants were men, there was an increase in the responsibility and labour burden for women left behind. Women were de facto responsible for all household and field work, but with limited capacities to undertake these new roles. This represents an important research dimension for future consideration, with important implications for adaptation policy and planning.
Conclusion
Analysing novel large empirical datasets in climate hotspots across Nepal, India, Bangladesh, and Pakistan, this paper contributes to the empirical evidence on migration and climate change adaptation. The study argues that migration is an important livelihood strategy as a response to various stressors, including climatic risks such as higher rainfall variability, cyclones, storm surges, and drought, and non-climatic factors Fig. 4 Migration pathway from coping to adaptation strategy such as changing aspirations, economic recessions, and regional underdevelopment. Households with available resources send one or more members (often young men) for labour migration, to diversify livelihoods. In return, migrants send home remittances that help to spatially diversify household income and improve access to credit. This helps spread risks and self-insure against the effects of climate change and other non-climatic risks. However, migration is not a strategy that is available to everyone because of various barriers such as sociocultural norms and financial capacities ("Barriers to migration" section). This inhibits the migration capacity of women and historically marginalised households (e.g. on the basis of caste, ethnicity). Our findings suggest that households in vulnerable areas use migration as a strategy to cope with the adverse effects of climate change and non-climatic risks. However, it is important to stress that migration entails risks for individuals and households. Without achieving positive outcomes that increase the resilience of households or effectively increasing vulnerability of the migrant at destination migration can be an erosive adaptation strategy. Thus, we argue that there is a need for policy and institutional coherence and collaboration to account for the contributions of migration in adapting to climate change. It is important for institutions responsible for the design and implementation of policies addressing climate change and migration issues to have a comprehensive understanding of how migration and adaptation interact, and ultimately to develop migration as a successful adaptation strategy. Lastly, the burden of adapting to the adverse effects of climate change should not lie on the shoulders of migrants. Governments should take the responsibility for building the adaptive capacity of people, and migration could be one of the options.
We identified two important issues that could be addressed by future research: (1) this study did not capture migration of entire households from the origin areas, and (2) involuntary permanently displaced individuals and households, as well as planned relocation initiatives directly attributed to extreme rapid onset climatic events were also not considered. These are important categories of population movements with implications for both material and subjective well-being of individuals and households which deserve careful consideration by both researchers and practitioners.
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